Long tubular excretory duct of the human eccrine sweat gland has been divided by light microscopy into three portions: the initial or coiled portion which is included in the glandular coil, the ascending or straight portion which runs in the dermis toward the epidermis and the terminal or intraepidermal portion which ascends spirally through the epidermis toward the free surface of the skin to empty there. ITO and ENJO (1949) and ITO, ENJO and UCHIDA (1954) have cytologically observed these three portions with the light microscope demonstrating in epithelial cells the Golgi apparatus, mitochondria, centriole, glycogen as well as the intercellular bridges between them; they designated the so-called cuticular border of the epithelium encircling the lumen especially as "crusta". In the just mentioned light microscopic study, ITO and ENJO have discovered in the human sweat gland coil the existence of a short "transitional portion" between the secretory portion and the coiled portion of the duct in which the epithelium lining the lumen shows a transitional character between the epithelia of the both portions.
The electron microscopic studies on the human eccrine sweat duct have been carried out by HIBBS (1958) , CHARLES (1960) and MUNGER (1961) and on the animal eccrine duct by MUNGER and BRUSILOW (1961, cat) , ELLIS and MONTAGNA (1961, monkey) and MATSUZAWA and KUROSUMI (1961, rat) . But the transitional portion has been observed only by HIBBS (1958) .
In the present mainly electron microscopic and partially light microscopic study the epithelium of the coiled portion of the human eccrine sweat duct and the transitional portion will be described.
Material and Method
For the light microscopy, small pieces of the axillary skins obtained surgically from healthy women were fixed in Zenkek-formalin, embedded in paraffin, cut in reaction (PAS) followed by nuclear stain with HANSEN's alum-hematoxylin.
For the electron microscopy, the axillary skins taken surgically from four women aged 17, 22, 23 and 32 years were cut into small pieces, and immersed rapidly in the 1% osmic acid solution of CAULFIELD, thereafter the dermis and subcutaneous tissue containing the sweat glands were isolated from epidermis and cut into small 285 tissue blocks of about 1-2cmm, which were then fixed in the same fixative for about with ascending series of ethanol and then embedded in epon of LUFT. Ultrathin sections were made with glass knives on the Leitz's ultramicrotome, mounted on copper grids and stained with lead hydroxide or with a double staining of uranyl acetate and lead hydroxide. The stained sections were examined with the JEM-5G type and the JEM-7 type electron microscope. The electron micrographs were taken at the magnification of 2,200-13,400 folds and then photomicrographically enlarged to suitable sizes.
Observations

A. Light microscopic observations
In the light microscopic preparations of the eccrine sweat gland several sections of the coiled portion of the sweat duct are found among those of the secretory portion, they are, however, easily distinguishable from the latter, since in them the epithelial cells appear in general darker than the secretory cells of the secretory portion and the two-layered arrangement of the cuboidal epithelial cells is strikingly regular as compared with the irregular arrangement of the secretory cells.
The cuboidal epithelial cells of the inner layer, which are designated by authors as surface, superficial, or luminal cells, line the ductal lumen. On the luminal cell border, there are provided with the cuticle (cuticular border) or crusta, a dark homogeneous cytoplasmic layer of considerable thickness. The luminal surface of it shows a faint PAS-positive dotted line which may correspond to the microvilli in the electron microscopy. Just beneath the cuticle there exists the round or elliptic nucleus of the surface cell. Between adjoining surface cells a rod-shaped terminal bar is found at the level of the cuticle. The outer layer of the coiled portion epithelium consists of the more flattened cells resting on the membrana propria of the sweat duct, which are called basal, peripheral or outer cells. They contain elliptic nuclei with more or less prominently indented nuclear membrane. In both surface and basal cells of the coiled portion epithelium the nuclei are relatively large in size in proportion to the cell bodies; the amount of the cytoplasm surrounding nuclei is in general relatively smaller as compared with that of the secretory cells in the secretory portion. The cytoplasm of the basal cells usually appears vacuolated especially in both sides of the nucleus, undoubtedly due to the glycogen accumulation in these cells.
It is difficult to find out the transitional portion among the sections of the secretory and coiled portions of the duct (Fig. 1) . This portion represents a very short part in the long coiled tubule of the eccrine sweat gland which lies between the distal end of the secretory portion and the proximal end of the coiled portion of the duct. The lining epithelium in this part is almost simple columnar or cuboidal. Occasionally, however flattened basal cells with small nuclei occur in small number, scattered between the basal ends of the columnar or cuboidal cells and the membrana propria (Fig. 2) , among which the myoepithelial cells can be identified especially near the secretory portion. The simple columnar or cuboidal epithelium of the transitional portion is in its proximal end, promptly substituted by the secretory epithelium and in its distal end by the two layered cuboidal epithelium of the sweat duct (Fig. 2) . A striking histological characteristic of the transitional portion consists in that the elliptic nuclei of the epithelial cells are closely packed and aligned in a row; and this can be confirmed both in the cross and longitudinal sections (Fig. 2, 3 ).
Higher magnification of the longitudinally sectioned transitional portion (T) seen in Fig. 1 . The short transitional portion is intercalated between the distal end of
In the transitional portion the cuticle is not identified at the luminal surface of the epithelial cells.
B. Electron microscopic observations 1. The two-layered epithelium of the coiled portion of the eccrine sweat duct As seen in the survey picture of low magnification (Fig. 4) , there occasionally occur some intermediate cells between the surface and the basal cells of the epithelium in which the nuclei, however, are absent. These intermediate cells may be probably marginal parts or cytoplasmic projections of the surface cells which extend beneath the adjoining surface cells. They are ultrastructurally consistent with the surface cells especially in lacking in glycogen. On the other hand, there sometimes occur beneath the basal cells flattened cells devoid of nuclei: They presumably correspond to the thin marginal cytoplasmic parts of neighboring basal cells: they contain glycogen in concordance with the basal cells.
a. The epithelial cell of the inner layer, the surface cell Higher magnification of the cuticular border (cb) and the supranuclear region of the surface cell illustrated in Fig. 5 -a. The cuticular border is composed of numerous tonofilament bundles and interfascicular particulated matrix of high electron opacity including many vesicles (ve) and small vacuoles (vc) which frequently contain small droplets or fine particles of high electron density identical with those found in the duct lumen (L). Note many droplets of various sizes along the free surface of cell probably born by decapitation from the swellings at the tips of the blunt microvilli (mv). ds Desmosome, g Golgi complex, M mitochondria, N nucleus, tf tonofilament bundles in cytoplasm. Arrow points to a small are sometimes observed in the duct lumen close to the microvillous surface, which may seemingly arise from decapitated and liberated polypoid swellings at the tips of the microvilli and suggest the occurrence of the so-called microapocrine secretion process described by KITAMURA (1958) and KUROSUMI (1961) . Besides these relatively large droplets, several small dense ones are found in the same location which may probably identical with those found in the vesicles or small vacuoles in the cuticular border as described above (Fig. 5a, b) . The lateral boundaries of the adjoining surface cells exhibit fairly complex and irregular interdigitations; abuting on the luminal surface they are connected with the tight junction (Fig. 5a, 6 ). Following the tight junction there occur between adjoining surface cells numerous desmosomes toward the base of the epithelium at relatively short intervals. They are conspicuous for their intensively electron dense attachment plaque, into which tonofilament bundles are inserted (Fig. 4, 5 a) . The tight junction and many of the uppermost desmosomes are included within the Between the surface and the basal cells less prominent interdigitations and less numerous desmosomes are observed (Fig. 4, 6, 7) .
Conspicuous dilations of the extracellular space are found here and there scattering at random along the cell boundaries of the epithelial cells which may probably be regarded as artifacts (Fig. 4) .
The cytoplasm of the surface cells can be divided into supra-, infra-and paranuclear portions; the supra-and infranuclear portions are in general thinner than the paranuclear portion in which relatively ample cytoplasm is present containing the majority of mitochondria of the cell. The supranuclear region is intercalated between the dense cuticular border and the nucleus. The boundary between the cuticular border and this region is generally sharp, but a few tonofilament bundles running in parallel with those composing the cuticula are not infrequently distributed also in this region. Similar finding concerning the tonofilament bundles is also obtained in the infranuclear region, where they are oriented along the nuclear membrane. In the paranuclear region a fairly large amount of tonofilament bundles oriented in various directions are found, they show frequently simple ramifications.
The relatively numerous mitochondria of the surface cells are round or rodshaped. The cristae mitochondriales are not so numerous; the matrix is moderately electron dense. They are distributed in the entire cytoplasmic area. As just mentioned above, however, the majority of them are usually located in the paranuclear region.
The Golgi apparatus of the surface cells is located in the supranuclear region. It is small in size and exhibits a simple structure, consisting of Golgi lamellae and several vesicles; Golgi vacuoles have been scarcely observed (Fig. 5a , b, 6). In Fig.  5a two small Golgi complexes are seen close to the nuclear membrane separated on both sides of the apical end of the nucleus.
The components of the granular endoplasmic reticulum are in general sparse, a small number of membrane bounded sacs or cisterns studded by ribosomes are observed scattering randomly in the whole cytoplasm. One may rarely encounter surface cells which contain several flattened sacs of the granular endoplasmic reticulum arranged in parallel exhibiting loosely lamellar pattern (Fig. 7) . In spite of sparse ergastoplasmic sacs, a relatively large amount of free ribosomes are distributed almost evenly in the entire cytoplasm of the surface cells except in the cuticular border. They show a striking tendency to aggregate into clusters of various shapes and sizes. If one observes the cuticular border carefully, however, scanty ribosomes are still identified among tonofilament bundles in this layer.
As to the agranular endoplasmic reticulum, a small number of smooth vesicles are scattered throughout the cytoplasm and especially in the peripheral cytoplasmic areas close to the cell boundaries; some of them are found in contact with the plasma membrane.
The multivesicular bodies, vacuoles containing vesicles, are frequently demonstrated in the cytoplasm of the surface cells. Though their favorite location is the perinuclear zone (Fig. 5a, b ), a few of them are occasionally observed even in the cuticular border. The size of the multivesicular bodies and the number of the vesicles contained in them are variable.
A few small spherical dense bodies bounded by a distinct smooth limiting membrane are scattered here and there in the cytoplasm; they may be regarded as lysosomes (Fig. 4, 7) . In Fig. 6 a large vacuole containing probably a degenerate mitochondrion is observed close to the nucleus; this may be called cytolysome. A wide space is recognized between the smooth limiting membrane and the degenerated mitochondrion.
A few clear vacuoles with an irregular outline sometimes occur at random in the cytoplasm, which probably represent the dissolved fat droplets (Fig. 4, 5a, b, 6 ).
The nucleus of the surface cells is more or less elliptic in shape and lies approximately in the center of the cell body having the long axis directed in parallel with the luminal cell surface (Fig. 4, 5a, 6 ). The nuclear envelope exhibits slight indentations, and consists of the outer and inner membranes with a clear narrow perinuclear space between them. The nuclear surface of the inner membrane is studded by closely packed chromatin granules, whereas the cytoplasmic surface of the outer membrane by irregularly aligned ribosomes. Fairly numerous nuclear pores are observed in the nuclear envelope where the distribution of the chromatin granules is interrupted displaying the clear channels (Fig. 5a ).
b. The epithelial cell of the outer layer, the basal cell Between the adjoining surface and basal cells as well as between the adjoining basal cells fairly complicated interdigitations are present in which the plasma membrane frequently shows vesicle formation. As described above, irregular, probably artificial dilations of the intercellular space are observed from place to place; between the basal and surface cells a few desmosomes are found, but none of them are identified between the basal cells (Fig. 4, 7) . The plasma membrane of the basal surface resting on the basement membrane takes in general a slightly wavy course and displays numerous dense thickenings corresponding to so-called semidesmosomes or halves of the desmosomes as described by MUNGER and BRUSILOW (1961) The cytoplasm of the basal cells can be divided also into three regions, the supra-, infra-and paranuclear regions. The paranuclear regions are in general most voluminous and usually contain the majority of mitochondria and the glycogen of the cell. The supra-and infranuclear regions are generally narrow, so that they contain only a small number of mitochondria aligned usually in a row; the glycogen is not demonstrated in these regions. Thin tonofilament bundles are identified in the cytoplasm of the basal cells, but less numerous than in that of the surface cells. They or nuclear surface. In the paranuclear regions, however, they run in irregular directions showing simple ramifications. The ultrastructural characteristics of the basal cell mitochondria coincide with those of the surface cell mitochondria. In the present observation it has been revealed that the both cells contain in the majority of cases approximately equally numerous mitochondria.
The Golgi apparatus of the basal cells was demonstrated already by ITO, ENJO and UCHIDA (1954) in their light microscopic study of human eccrine duct. In the electron microscopic study, however, a well-defined Golgi apparatus has not been demonstrated until now. The present authors have succeeded in revealing by electron microscopy this cell organelle also in the basal cell of the human eccrine duct. In the basal cell illustrated in Fig. 7 , a small, poorly developed Golgi complex is found in the middle portion of the infranuclear cytoplasmic region lying in a slight indentation of the nuclear membrane. It is composed of a few Golgi lamellae and numerous Golgi vesicles, a prominent dilation at the end of a Golgi lamella may be regarded as Golgi vacuole. The location of the Golgi apparatus in the basal cells is variable; it can be detected in any areas around the nucleus, but always close to the nuclear membrane.
In spite of the scanty elements of the granular endoplasmic reticulum, numerous free ribosomes are distributed approximately evenly in the whole cytoplasm of the basal cells, showing a tendency to aggregate into clusters. Smooth vesicles of the agranular endoplasmic reticulum can be detected especially in the peripheral cytoplasmic areas along the cell boundaries. They are partially derived from vesiculation of the interdigitating plasma membrane. In the cytoplasmic zone along the basal surface, fairly many vesicles are occasionally recognized, some of which lie on the basal plasma membrane showing the pictures of pinocytosis or reversed pinocytosis. They are however, not confined to the basal cytoplasm; the same findings are observed, though less frequently, also in the lateral cell boundary. Multivesicular bodies are found also in the basal cells (Fig. 7) , but more rarely than in the surface cells.
The finding that the glycogen is demonstrated exclusively in the basal cells in the eccrine sweat duct epithelium has been claimed by many workers in their light microscopic observations (NAGAMITSU 1941 , ITO and OTA 1949 , MONTAGNA, CHASE and HAMILTON 1951 , MONTAGNA, CHASE and LOBITZ 1952 . In the electron microscopic observation of the eccrine sweat duct in monkey, ELLIS and MONTAGNA have revealed a large amount of the glycogen in the basal cell cytoplasm. In the present electron microscopic study on the human eccrine sweat duct we could confirm this finding. However, as the glycogen granules in the epithelial cells had not been well preserved in the present study, the glycogen accumulations in the basal cell cytoplasm appeared as electron lucent areas of irrgular shapes and various sizes which, in the majority of cases, were contained in the paranuclear regions (Fig. 4,  7) . These glycogen areas showed no sharp boundaries againt the surrounding cytoplasm; no cell organelles and other inclusions were demonstrated in them.
The spherical, membrane bounded dense bodies representing lysosomes and small vacuoles corresponding to dissolved fat droplets are also sometimes observed in the basal cells.
Similar to that of the surface cell, the nuclei of the basal cells are elliptic and located nearly in the center of the cell body with the long axis directed transversely. The nuclear membrane shows frequently more prominent indentations than that of the surface cell nuclei. The ultrastructure of the nuclear membrane is consistent with that of the surface cell showing considerably numerous pores (Fig. 4, 7) . The basal cell nuclei contain, alike those of the surface cells, large nucleolus which is mainly composed of nucleolonema (Fig. 4) .
2. The epithelial cell of the transitional portion As has been shortly remarked above, the transitional portion in the eccrine sweat duct has not been observed by electron microscopic investigators except for HIBBS (1958) who has revealed in his electron microscopic study on the human eccrine gland that in some sections through the transitional region between the secretory portion and the duct an occasional cell extends all the way from the basement membrane to the lumen. This description undoubtedly indicates that the epithelium of the transitional region may partially be the monolayered columnar.
Other investigators have presumably overlooked this portion because of its too short extension.
In the present mainly electron microscopic study, the authors have fortunately encountered the portion which may surely be identified as a transitional portion in an ultrathin section prepared for the observation of the secretory portion of the eccrine sweat coil. The epithelium of the transitional portion as revealed by electron microscopy consists of cuboidal epithelial cells which are mainly arranged monolayered, but from place to place flattened epithelial cells of irrgular shape may be intruded beneath the cuboidal cell layer (Fig. 8, 9 ).
The apical surface of the cuboidal cells lining the duct lumen is provided with sparse microvilli, among them individual, voluminous cytoplasmic protrusions of irregular shapes are scattered (Fig. 8, 9, 10 ). On the other hand, the apical surface not infrequently shows more or less deep pits or invaginations of the plasma membrane (Fig. 9, 10, 11 ). It may be one of the most noteworthy findings in the present study that there occur, close to the apical plasma membrane of almost all cuboidal are attached with their smooth limiting membrane to the plasma membrane and others appear to empty into the lumen (Fig. 8-13 ). These findings may suggest that the vesicles may probably be formed by pinocytotic activity at the luminal surface of the cell. Frequently at the bottom and occasionally also along the lateral surface the occurrence of the pinocytosis (Fig. 8-12 ). In the both cases the vesicles often aggregate into small clusters or into rows in which they sometimes even fuse with each other (Fig. 8-13 ).
The lateral cell boundaries of the cuboidal cell are not straight but take more or less wavy course; the intercellular interdigitations are rarely formed. The plasma membrane in the juxtaposed surface of the adjoining cuboidal cells are separated by junction or zonula occludens from the duct lumen. Besides this tight junction, no junctions including desmosomes are identified along the lateral cell boundaries. The zonula occludens is located either abuting on the luminal surface (Fig. 9, 10 ) or about half way between the luminal and the basal surface (Fig. 11, 14) . In the latter case In the both cases the vesicles are as large as those found along the luminal surface.
Along the plasma membrane lining the closed part of the intercellular space there In the supranuclear region Golgi complexes (G) and a centriole (c) are observed. Numerous smooth vesicles appear along the cell boundaries including the apical cytoplasm and along the pits of the plasma membrane, some of them suggesting pinocytosis. The perinuclear concentration of tonofilaments (tf), numerous spindle-or rod -shaped dense bodies in the peripheral cytoplasm and scant mitochondria (m) are seen. In the cytoplasm of the flattened basal cells (X) mitochondria, a dense body and many pinocytotic vesicles are observed. bm Basement membrane, tj tight junction, vc vacuole.
The basal surface of the cuboidal cells resting for the most part on the basement form in some places slender or voluminous cytoplasmic projections protruded into underlying connective tissue; they are covered by the basement membrane (Fig. 9) . The basal infoldings, however, have not been demonstrated anywhere. In several Fig. 10 . Two adjoining cuboidal cells. In the wavy boundary between them, neither in width) is closed from the duct lumen (L) by a tight junction (tj). On the surface a few microvilli protrude into the lumen, whereas several pits of the plasma membrane dip into the apical cytoplasm. In the apical as well as lateral periphery of cytoplasm there appear numerous smooth vesicles (ve) which aggregate to clusters and may fuse to small vacuoles (vc). Some of the vesicles come into contact with the plasma membrane of apical surface and its pits as well as of lateral cell boundary showing the pictures of pinocytosis or reversed pinocytosis. In the cytoplasm a large amount of free ribosomes are distributed almost evenly. app Appocrine projection-like process, er granular endoplasmic reticulum, m mitochondrion with intramitochondrial granules, N nucleus, tf tonofilaments, X flattened basal cell. Arrows indicate places the basal surface of the cuboidal cells comes into contact with the flattened basal cells as will be described below.
Between the basal surface of the cuboidal cells and the basement membrane the semidesmosomes or halves of the desmosomes are sometimes demonstrated (Fig. 9) . Fig. 11 . Two adjoining cuboidal cells which contain abundant tonofilaments (tf) running tortuously without making bundles, mitochondria (m) with intramitochondrial gralular space is closed by a tight junction (tj). Above the tight junction, the space, though narrow, is nothing but an extension of the duct lumen (L) lined by the apical cell surface. In such a portion of the apical surface a deep pit of plasma membrane dips into the cytoplasm and there occur many pinocytotic vesicles (ve) some of which are aligned along or adhere to the plasma membrane lining the pit or the apical surface. In the lateral cytoplasmic portion facing on the intercellular space, there occur also many It is one of the important findings that along the plasma membrane of the basal surface as numerous smooth vesicles as along the luminal surface are observed, some of which are found in contact with the plasma membrane or fuse with the latter to empty into the basement membrane (Fig. 8, 9 , 12, 13). This finding may indicate the pinocytotic or reversed pinocytotic activity in the basal surface of the cell. The somewhat smaller than those seen along the luminal surface.
In contrast with the surface cells of the duct the cuticular border is not identified Fairly numerous free ribosomes (rb) are scattered in entire cytoplasm, though the outer membrane of the nucleus (N) is attached by only a few ribosomes.
in the cuboidal cells of the transitional portion. However, abundant tonofilaments are distributed all over the cytoplasm without making any distinct bundles of them.
In spite of this a large amount of tonofilaments are closely packed around the nucleus to form a perinuclear tonofilament layer (Fig. 8, 9 , 10).
As compared with duct cells, the cuboidal cells of the transitional portion possess a relatively small number of mitochondria distributed irregularly in the cytoplasm.
They are round or rod-shaped and have relatively sparse cristae mitochondriales which show an irregular arrangment. Fairly numerous intramitochondrial granules Fig. 13 . Well-developed Golgi complex of a cuboidal cell containing a diplosome (c) in its center. The complex consists of many Golgi-lamellae (gl) and Golgi-vesicles (gv) and mitochondria (m) are concentrated around it. The long axes of both centrioles (c) of the diplosome seem to cut at a right angle. In apical and basal cytoplasm many smooth vesicles (ve) and small vacuoles (vc) induced by fusion of the former are seen which display the pictures of pinocytosis or reversed pinocytosis. Many ribosomes (rb), a few ergastoplasmic sac (er), spherical dense bodies (db) and tonofilaments (tf) are seen in the cytoplasm. bm Basement membrane, L duct lumen, N nucleus.
are demonstrated among which a few rod-shaped or filamentous ones are occasionally mixed (Fig. 12) . In the cuboidal cell illustrated in Fig. 13 , a large number of mitochondria are concentrated around the Golgi area.
By means of the light microscope, ITO and ENJO (1949) of them in higher magnification. Within the dense matrix enveloped by a triple layered limiting membrane, microtubuli with electron lucent content are seen as annular profiles arranged regularly in a circle in the periphelal zone of the body. In this part of cytoplasm there are seen also many smooth vesicles and tonofilaments (tf), free ribosomes and granular endoplasmic reticulum (er). Above the tight junction (tj), the cell boundaries belong to the apical cell surface and are provided with some microvilli. m Mitochondrion, N nucleus of the cuboidal cells, X cytoplasmic process of the flattened basal cell protruded between the basal parts of the cuboidal apparatus of the cuboidal cells of the transitional portion has been recognized in the supranuclear region (Fig. 9, 12 , 13) as a relatively well-developed, large complex system which consists mainly of prominent Golgi lamellae and numerous Golgi vesicles distributed along the lamellae (Fig. 12, 13 ). Golgi vacuoles have been missed. The centrioles are found within the Golgi area. In Fig. 9 a single centriole and in Fig. 13 a diplosome are shown. In the latter case the longitudinal axes of each centrioles of the diplosome seem to cut at the right angle with each other. Around the centrioles there exists a narrow zone devoid of Golgi vesicles and other organelles. Cisterns of the granular endoplasmic reticulum studded by the ribosomes are sparse being scattered at random in the cytoplasm (Figs. 8-14) . The arrangement of the ribosomes attached on the outer surface of their limiting membrane is not uniform. Moderately numerous free ribosomes are identified not only in the whole cytoplasmic areas but also in the voluminous cytoplasmic projections protruded either from the luminal or the basal surface. They show the tendency to aggregate into loose clusters. (Fig. 13 ).
Besides these elongated dense bodies there occur in the cytoplasm of the cuboidal cells somowhat larger spherical dense bodies in small number (Fig. 8, 9 , 13). They are limited by a dense smooth membrane and contain undefinite vesicular structures in their dense matrix.
The nucleus of the cuboidal cells is located in the center of the cell body or nent indentations or foldings. The well-defined double membrane structure of the nuclear envelope is visible, the ribosomes attached on the outer surface of the outer membrane are relatively sparse and are missed in some parts (Fig. 8, 10, 12 ). The siderable numbers (Fig. 8, 9) . A small nucleolus is sometimes observed nearly in the center of the nucleus (Fig. 8) .
Profiles of flattened basal epithelial cells are found from place to place beneath the cuboidal cells of the transitional portion making a discontinuous outer layer.
They represent, however, cell portions devoid of nucleus. The nucleus containing portions of the flattened basal epithelial cells and the myopithelial cells have not been encountered in the present study.
In some places the contact surfaces of the cuboidal and flattened basal cell are indented (Fig. 8) . Between the apposing plasma membranes of the both cells no desmosomes are identified anywhere. In many places the profiles of the basal cells are separated partially or as a whole from the basal surface of the cuboidal cells by the narrow connective tissue including the basement membrane.
This finding may, however, suggest that the wide apical surface of the flattened basal cells can be partly detached to some extent from the basal surface of the cuboidal cells. The basal surface of the basal cells faces on the basement membrane showing several dense thickenings similar to the semidesmosome (Fig. 8, 9 ). The density and the ultrastructure of the cytoplasm are consistent with those of the cuboidal cells. In the cytoplasm of the basal cells small number of the mitochondria, tonofilaments, cisterns of the granular endoplasmic reticulum, free ribosomes and a large number of pinocytotic vesicles are identified, the profiles of the spindle-or rod-shaped dense bodies identical with those in the cuboidal cells are also observed (Fig, 8. 9 ).
Discussion
The two-layered cuboidal epithelium of the coiled portion of the human eccrine sweat duct consisted of the surface cell layer and the basal cell layer. The arrangement of the cells in the both layers was, however, somewhat irregular from place to place. The surface cells were recognized to be provided with numerous papillary microvilli containing finely particulated matrix of electron opacity which is continuous with the interfascicular material of the cuticular border.
In the duct lumen, fine dense particles and, especially close to the microvillous surface, larger and smaller cytoplasmic droplets bounded by the plasma membrane were observed, among which the large clear ones were considered to be nothing but decapitated and liberated polypoid swellings at the tipe of the microvilli. Namely, they had presumably derived from the latter by means of the so-called microapocrine mechanism proposed by KITAMURA (1958) and KUROSUMI (1961) . As to the origin of the small droplets it seemed to be likely that they had arisen from small blebs protruded from the microvilli into lumen in the same mode as described above.
The electron opaque cuticular border was composed of the condensation of the tonofilament bundles oriented parallel with the luminal surface and the interfascicular finely particulated matrix of high electron opacity. This structural characteristic might support the view that the cuticular border encircling the duct lumen forms a rigid ring to prevent the collapse and the occlusion of the lumen as has been postulated by, ELLIS and MONTAGNA (1961) . Except for exceptional mitochondria and a few free ribosome the cuticular borber contained no cell organelles, but it was a very conspicuous finding that the numerous smooth vesicles or small vacuoles were usually scattered in it. They were distributed from the luminal surface between the microvilli to the inferior boundary of the cuticular border and contain frequently the small droplets and the particles of high electron density identical with those found in the duct lumen close to the microvillous surface. These findings might suggest that the smooth vesicles and small vacuoles in question had been formed by a pinocytotic activity of the cuticular border including the microvillous surface and further support the view that the eccrine sweat duct may reabsorb some constituents, for instance sodium and chloride, from the eccrine secretion to regulate the composition or concentration of the sweat (CHARLES 1960 , MUNGER 1961 , MUNGER and BRUSILOW 1961 .
As to the mode of junction and interdigitation between the duct cells, the authors have confirmed the findings of the previous investigators.
The mitochondria were alike numerous both in the surface and the basal cells being distributed mainly in the paranuclear regions and, in the both cells, the intramitochondrial granules were scarcely identified. In these respects we do not agree with HIBBS (1958) , MUNGER (1961) and MONGER and BRUSILOW (1961) who have observed more numerous mitochondria in the basal cells than in the surface cells and identified the intramitochondrial granules only in the former.
Despite of detailed observations of several authors, well-defined Golgi apparatus has not been demonstrated by electron microscopy in the epithelial cells of the eccrine duct (MUNGER 1961 , MUNGER and BRUSILOW 1961 and ELLIS and MONTAGNA 1961 , except for the description of MATSUZAWA and KUROSUMI (1963) who have revealed small Golgi apparatus in the epithelial cells of the eccrine duct in the rat foot pads. According to our observations the Golgi apparatuses both in the surface and the basal cells of the human eccrine duct were small and exhibited a simple structure consisting mainly of several lamellae and vesicles. In the surface cells, however, the development of the Golgi apparatus was somewhat better than in the basal cells and the location was confined to the supranuclear region of the perinuclear cytoplasm.
In correspondence with reports of several investigators only sparse components of the granular endoplasmic reticulum were identified both in the surface and the basal cells. However, in the infranuclear cytoplasm of occasional surface cells a parallel array of several flattened sacs of the ergastoplasm was recognized in contrast to the description of ELLIS and MONTAGNA (1961) that the organized ergastoplasm is lacking in the eccrine sweat duct cells. In the both cells relatively numerous free ribosomes showing the tendency to aggregate into clusters were distributed almost evenly in the entire cytoplasm.
No well-defined agranular endoplasmic reticulum was observed both in the surface and the basal cells except for smooth vesicles scattered in the cytoplasm. They were encountered most frequently in the peripheral cytoplasmic areas close to the cell boundaries including the basal surface of the basal cells resting on the basement membrane; some of them came into contact with the plasma membranes showing the pictures of the pinocytosis or reversed pinocytosis and the others seemed to be derived from vesiculation of the interdigitating plasma membrane. The multivesicular bodies were observed not infrequently in the both cells, but somewhat in larger frequency in the surface cells.
In accordance with the above cited several investigators of the human eccrine sweat duct with the light and electron microscope the glycogen was demonstrated also in the present study exclusively in the basal cell cytoplasm. In this respect the duct epithelium was consistent with the secretory epithelium of the eccrine sweat gland in which the glycogen storage is also confined to the basal secretory cells as revealed by several investigators see ITO and SHIBASAKI, (1966) .
In the present study the occurrence of the so-called transitional portion between the secretory and coiled portions which had been discovered by ITO and ENJO (1949) by means of the light microscopy was confirmed by both the light and the electron microscopy. This portion was only shortly remarked by HIBBS (1958) in his electron microscopic study on human eccrine sweat gland.
The epithelium of the transitonal portion as revealed by electron microscopy was a monolayered cuboidal. Beneath the cuboidal cell layer, discontinuous occurrence of flattened basal cells were recognized. In the present study, however, no myoepithelial cells were indentified in this location on the contrary to the report by ITO and ENJO (1949) .
The voluminous cytoplasmic projections of irregular shape found among the scant microvilli of the cuboidal cells might correspond to the apocrine processes described by ITO and ENJO (1949) in their light microscopic study. Along the luminal surface of the cuboidal cells the specialized cytoplasmic layer like the cuticular border was not recognized.
In spite of a large amount of tonofilament distributed throughout the cytoplasm of the cuboidal cells, no distinct bundle formation was recognized in contrast to the duct cells. On the other hand, the perinuclear condensation of tonofilaments were described as the characteristic feature of these cells, the functional significance of which is unknown.
As compared with the duct epithelial cells the cuboidal cells of the transitional portion contained a smaller number of mitochondria with less cristae mitochondriales. On the other hand, the strikingly well-developed Golgi apparatus in the supranuclear region of these cells seems to suggest that they may probably be engaged in some active function played by the ductal system of the eccrine sweat gland. As to the findings concerning the granular endoplasmic reticulum and the free ribosomes, the cuboidal cells of the transitional portion were consistent with the duct epithelial cells.
It was the most noteworthy finding that the cuboidal cells of the transitional portion possessed, as compared with duct cells, relatively numerous smooth vesicles especially in the peripheral cytoplasm as well as along the plasma membrane lining the cell boundaries; they might represent the agranular endoplasmic reticulum of the cuboidal cells. They were most numerous in the apical cytoplasmic zone facing attached with their smooth limiting membrane to the plasma membrane lining the invaginations of the plasma membrane into the cytoplasm. Moreover, several more or less deep pits of the plasma membrane sinking from the luminal surface into the apical cytoplasm were revealed in the majority of the cuboidal cell; whereas at the bottom and along the lateral wall of which the vesicles showing same features and size as those seen along the luminal surface were observed. These findings suggested that the luminal surface of the cuboidal cells of the transitional portion might possess a vigorous pinocytotic activity. The numerous vesicles in the apical cytoplasmic zone which had been derived probably from the just mentioned pinocytotic mechanism, often aggregated into small clusters or into rows in which they occasionally fused with each other. Also numerous smooth vesicles were detected in the basal cytoplasm and along the basal surface of the cuboidal cells, they were, however, somewhat and showed the same pictures of the pinocytosis or reversed pinocytosis. Less numerous smooth vesicles found in the cytoplasm close to the lateral cell boundaries and along the plasma membrane lining the intercellular space were consistent in their size with those seen in the basal cytoplasm and showed occasionally similar pinocytotic or reversed pinocytotic pictures as the latter. On the basis of the above mentioned findings concerning the smooth vesicles we could postulate the functional activity of the cuboidal cells as follows: They may take up the fluid by vigorous pinocytotic activity at the surface plasma membrane from the sweat passing the duct and transport it transcellularly to the cell basis and empty it by means of the reversed pinocytotic activity at the basal plasma membrane into the basement membrane and partially into the intercellular space. The fluid absorbed in this way may contain certain constituents of the eccrine sweat like sodium and chloride. In this reabsorption activity of the cuboidal cells the Golgi apparatus is considered to participate; the vesicles derived from the pinocytotic process at the luminal surface presumably migrate toward the Golgi area to join in its vesicles, thereafter the vesicles empty in the Golgi lamellae and are again liberated by pinching-off from the latter to migrate toward cell basis. In this way the fluid absorbed from the precursor sweat is believed to pass through the Golgi complex to undergo some alterations. From the ultrastructural findings exhibited by the flattened basal cells of the transitional portion it seemed possible, that they might also participate in the reabsorption activity of the cuboidal cells. MUNGER (1961) and MUNGER and BRUSILOW (1961) have strongly claimed the reabsorption of the sweat by the ductal epithelium. The physiological basis of their argument consisted in the experimental data and the opinion proposed by severl physiologists referred by them that inspite of the iso-osmolarity of the initial secretion product the human sweat is hypotonic with respect to sodium and chloride, so the activity of the reabsorption of the sweat components should exist in the eccrine sweat duct. As morphological evidences supporting the reabsorption hypothesis they have emphasized following three electron microscopic findings obtained by them. First they payed attention to the occurrence of the cuticular border in the surface cells of the duct which, according to them, must be capable of passive or active transport of ions. Secondly, they remarked the numerous mitochondria in the basal cells, they were of opinion that mitochondria must be responsible for the transport of the ions from the duct cells to the surrounding vascular supply. Thirdly, they noted, on the contrary to us, the peculiar prominence of the intramitochondrial and favours the hypothesis of reabsorption of certain constituents of sweat, e. g. sodium and chloride, in the duct epithelium. 3. Both the surface and basal cells of the coiled portion are characterized by richness in mitochondria, tonofilament bundles, free ribosomes, smooth vesicles and multivesicular bodies, and by a small Golgi complex. Electron lucent glycogen areas are demonstrated only in the cytoplasm of the basal cells.
4. The transitional portion is represented by a layer of cuboidal cells interruptedly attached by a layer of flattened basal cells. The cuboidal cells possess a few microvilli and apical cytoplasmic projections but neither cuticular border nor distinct intercellular interdigitations. The cytoplasm of the cuboidal cells is characterized by abundant perinuclear tonofilaments, a large Golgi complex composed of prominent lamellae and numerous vesicles, a large amount of free ribosomes and a small number of mitochondria containing numerous intramitochondrial granules. Elongated dense bodies of unknown nature containing microtubular structures are also recognized in the cytoplasm.
5. As the most conspicuous finding of the cuboidal cells of the transitional portion, numerous vesicles occur in the peripheral, especially apical, regions of the cytoplasm which show every morphological feature characteristic of pinocytosis or reverse pinocytosis. This and other observations have lead the authors to the conclusion that the cuboidal cells of the transitional portion also, and even most vigorously, reabsorb certain constituents of the secretion of sweat gland by means of pinocytotic activity. The absorbed substance is believed to be transported, presumably under participation of Golgi complex, to the cell basis to be discharged into pericellular spaces. The flattened basal cells may play a subsidiary role for the transport of substance.
6. The secretion from the secretory cells of the human eccrine sweat gland, while flowing first through the short transitional portion and then through the long coiled portion of its duct, is thus believed to be subjected to successive reabsorption by the lining epithelia.
